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Abstract: Real-time external alteration of the internal properties of lubricants is highly desirable in all mechanical 
systems. However, fabricating a suitable and effective smart lubricant is a long-lasting experimental process. In 
this study, the film thickness and frictional response of ionic liquid-lubricated non-conformal contacts to an 
electric field excitation under elastohydrodynamic conditions were examined. Film thickness was evaluated 
using a “ball-on-disc” optical tribometer with an electric circuit. Friction tests were carried on a mini traction 
machine (MTM) tribometer with a “ball-on-disc” rotation module and an electric circuit for contact area 
excitation. The results demonstrate that there is a difference in the behaviour of the ionic liquid during electric 
field excitation at the evaluated film thicknesses. The results of evaluated film thicknesses demonstrate that there 
is a difference in the behaviour of the ionic liquid during electric field excitation. Therefore, the ionic liquids could 
be a new basis for the smart lubrication of mechanical components. Moreover, the proposed experimental 
approach can be used to identify electrosensitive fluids. 
 




1  Introduction 
In recent decades, an effort has been made to minimize 
friction in mechanisms to facilitate higher durability 
of contact surfaces and less energy consumption. The 
performance of a mechanism is strongly dependent 
on the composition, structure, and interaction of the 
lubricant with surrounding surfaces. Currently, with 
the expansion of the “Industry 4.0” trend, there is an 
increasing desire to apply smart lubricants to con-
ventional mechanical devices. Smart liquid lubricants 
are fluids whose rheological properties such as 
apparent viscosity change in the presence of a mag-
netic or electric field. Smart fluids are placed in two 
main categories according to the type of excitation— 
magnetorheological (MR) and electrorheological (ER) 
fluids [1]. ER fluids, especially natural ER fluids [2], 
such as ionic liquids, seem to be more suitable lubri-
cants for the parts with non-conformal elements and 
mechanisms with thin-film lubrication regimes [2]. 
For natural ER fluids, a high external voltage was 
required to create sufficient electric intensity to induce 
changes [3]. Because the lubricating layer thickness is 
in the nanometre scale, a laboratory voltage supplying 
with the range of 20 V was satisfactory to induce 
noticeable changes in film thickness [4].  
Natural ER fluids appear to be suitable smart 
substitutes for standard oil lubricants. One type of 
natural ER fluids is ionic liquids (ILs)—salts in liquid 
form containing organic or inorganic cations and anions 
with low melting points [5]. ILs have a neutral to bright 
yellow transparent appearance. They also have 
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good chemical and thermal stabilities in addition to 
nonflammability [6]. Moreover, they are suitable for 
application in machines in high-vacuum environments 
and clean rooms because of their extremely low vapour 
pressure [7]. The viscosities of ionic liquids vary from 
20 to 300 mPa·s at 25 °C, depending on the fluid com-
position and structure [8–10].  
The tribological performance of ionic liquids is 
related to their structure and properties as shown in 
Ref. [11]. Additionally, ionic liquids were observed as 
stable lubricants in extreme temperature conditions 
[12]. The performance of ionic liquid lubricant was 
better in samples with longer alkyl chains, which 
presents higher viscosity values and secures sepa-
ration at high temperatures above 200 °C and at low 
temperatures at approximately –30 °C. The results 
demonstrate that the ionic liquids have lower friction 
and wear values compared with standard oils at all 
temperatures. Specifically, ionic liquid compounds have 
a remarkable effect in terms of preventing seizures  
in freshly generated metal surfaces [13]. On the other 
hand, considering the relatively high price of ionic 
liquids, their performance as additives has been 
examined. In fact, all the examined ionic liquids 
additives of 1 wt% in base oil have shown lower wear 
rates in comparison with the base oil lubrication [12]. 
As concluded from Ref. [14], ionic liquids as additives 
act as an effective wear and friction reductant in base 
oils, which is even more significant with the synergistic 
effect of zinc dialkyldithiophosphate (ZDDP). While the 
ZDDP additive can resist scuffing at room temperature, 
several ionic liquids additives have an antiscuffing 
and antiwear ability even at higher temperatures of 
approximately 100 °C [15]. 
An interesting attribute of ionic liquids, which has 
been observed, is their sensitivity to the presence of an 
external electric field [16, 17]. Because their molecule 
size is relatively smaller than the surface roughness, 
the size of asperities can significantly influence the ER 
effect of ionic liquids [18]. A study was conducted in 
the tribological field on a sliding friction comparison 
between a dry and IL-lubricated contact [19] where  
a strong influence of an applied electric current   
was observed. Despite the achieved changes in the 
coefficient of friction (COF), whether the difference is 
caused by the composition of ionic liquids or different 
behaviour of lubricated and dry contact is unclear. 
Another study examined film thickness excitation of 
ILs in elastohydrodynamic (EHD) conditions using 
an optical tribometer [4]. Noticeable changes in film 
thickness were obtained, although the temperature 
was neither measured nor discussed. As the lubricant 
viscosity exponentially decreases with temperature, 
temperature is an important parameter, as it indirectly 
affects the resulting film thickness. Furthermore, the 
conducting electricity might also contribute to the 
temperature increase. An interesting feature observed 
by Ref. [20] was the behaviour of micro-bubbles at 
different polarities of electric circuits in ionic liquid- 
lubricated film. An experimental research on force 
microscopy using a nano-scale tip of 10 nm radius 
explained that the approaching of excitation body 
results in increase in repulsive force [21]; therefore, the 
closer the exciting bodies and the larger the excitation 
area, the higher the ionic liquid response, and the 
higher response of the ionic liquid is quantified in the 
repulsive or friction force. As reported, the polarity 
influenced the speed of collapsing of emerged bubbles, 
which has a considerable impact on bearings in electric 
environments; therefore, the ionic liquid tribological 
performance might also differ from the direction of 
an inverted electric circuit.  
ILs have already been investigated with regard to 
all possible applications for lubrication in mechanical 
devices [11, 22, 23]. However, the performance of ILs 
as lubricants in tribology has predominantly been 
examined without measuring the temperature of the 
lubricant; investigations of the COF and lubricating 
layer thickness have been conducted independently, 
under slightly different conditions. Moreover, the 
frictional behavior of ionic liquids under charged 
conditions was studied in mixed or boundary con-
ditions; thus, it is not entirely clear whether the 
electricity-formed chains were the main cause of the 
alternation of the COF. Therefore, experiments ought 
to be conducted on fully-formed liquid films with 
measurements of temperature being performed 
throughout the whole test so that all possible causes 
for the change of behaviour of the lubricating layer 
are considered. Thus far, a study focused on the 
frictional response of a fully formed lubricating layer 
to real-time polarity change during measurement has 
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not been conducted. To understand the ER phenomenon 
of ionic liquids, an experimental comparative approach 
is necessary. In this study, the behaviour of an ionic 
liquid fluid film under electric field activation is 
observed. The performance of ionic liquid lubrication 
is investigated on two different devices to obtain a 
relation between the COF and the lubricating layer in 
the EHD regime, and the corresponding temperature 
for each measurement is also observed. The two 
devices used for the experiments are a “ball-on-disc” 
optical tribometer and a mini traction machine (MTM) 
tribometer with electric circuits connected to the ball 
and disc, respectively. 
2 Materials and methods 
2.1 Experimental fluid 
The electrosensitive lubricant (ionic liquid) selected 
for measurements was 1-Butyl-3-Methylimidazolium 
hexafluorophosphate ([BMIM]PF6) with purity  97%, 
which has already been reported to be rheology- 
sensitive in the presence of electric fields [4]. As 
shown in Fig. 1, the ionic liquid is composed of anion 
and cation chains, also simply called alkyl chains. 
These chains differ in length and structure, and in 
whether they are branched or linear. Although the 
branched chains reportedly have a slightly higher 
viscosity depending on the temperature [10], the 
selected ionic liquid has a linear structure, assuming 
an orientation of linear alkyl chains that is simpler 
than that of ionic liquids with a branched structure. 
To clarify the physical behaviour of ionic liquids in 
the presence of electric fields, a comparative approach 
was used to allow for the comparison of the obtained 
results with a non-electrosensitive lubricant. Because 
of significantly different characteristics of ionic liquids 
in comparison with standard oil lubricants, finding 
the oil with similar pressure–viscosity coefficient and 
viscosity was difficult. After considering the experiment 
 
Fig. 1 Structure of [BMIM]PF6. 
design, the main deciding criterion for a reference oil 
was the absence of polarizable particles. Therefore, the 
mineral-based oil MA68 was chosen as a reference 
lubricant without additives and polarizable particles 
or chains. All measurements with the ionic liquid and 
oil were repeated under the same conditions so that 
the conclusions from the achieved results could be 
directly discussed. The measured properties of the 
selected ionic liquid and lubricant, required for 
calibration, evaluation, and prediction of lubricating 
regime, are listed in Table 1. Viscosity was measured 
on a commercial Haake Roto–Visco viscosimeter. The 
refractive index value was obtained using the Abbe 
refractometer. Pressure–viscosity coefficients were 
evaluated according to the Hamrock–Dowson (H–D) 
central film thickness formula prediction [24] with 
data from an optical tribometer. All measurements 
were repeated three times. 
2.2 Experimental devices 
The comparative investigation of ionic liquid film 
excitation was carried out on two different experimental 
devices: Optical Tribometer for film thickness evaluation 
and Mini-Traction Machine for friction measurements. 
2.2.1 Film thickness evaluation 
Because both experimental fluids are transparent, an 
optical method for film thickness measurement could 
be applied. Therefore, experiments were carried   
out on the optical ball-on-disc tribometer, which is 
schematically shown in Fig. 2.  
For the experiments, AISI 52100 (100Cr6 equivalent), 
which is a steel ball of grade 100 with a diameter   
of 25.4 mm, was used. The second contact body was 
represented by a glass disc with a diameter of 150 mm 
and an optically smooth surface coated with an 
antireflexive (AR) layer for better light penetration. 
The elastic modulus of the steel ball was 212 GPa and 
that of the glass disc was 81 GPa. These values are   










[BMIM]PF6 247 1.410 4.9 ± 0.3 
MA68 137 1.483 20.8 ± 1.3 
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listed in Table 2. Electricity from a laboratory supply 
was passed through the 10 nm thick chromium layer 
with a measured electric resistance of 32 kΩ from the 
driven shaft to the contact area. The polarity, as 
shown in Fig. 2, was preserved for all film thickness 
measurements. 
The thickness of the lubricant film was evaluated 
using colorimetric interferometry [25]. In this technique, 
the digitized chromatic interferograms are after 
transformation from RGB to CIELAB colour space 
(internationally adopted Commission Internationale 
de l’Eclairage colorimetric reference system) con-
verted to the film thickness map using appropriate   
colour matching algorithm and colour/film thickness 
calibration curves. By using optical interferometry, the 
film thickness in EHL contacts can be measured in 
the range between 1 and 800 nm with an accuracy of 
±1 nm; thus, thin films and small changes in thickness 
could be observed. 
Table 2 Optical tribometer contacting tribopair material properties. 
Property Ball Disc 
Material Bearing steel 
(100Cr6) 
Glass (BK7) 
Dimension (mm) Ø25.4 Ø150 
Young modulus (GPa) 212 81 






2.2.2 Friction measurements 
Friction measurements were carried out on a com-
mercial MTM2 device with a contacting ball-on-disc 
tribopair (Fig. 3) for a relevant comparison with the 
results from the optical tribometer measurements. 
The ball and the disc were both rotated independently 
to set the desired slide-to-roll ratio (SRR). The ball 
was mounted on the loading arm with a friction 
force sensor. This arm was automatically regulated 
by software. The COF was then calculated from the 
normal force FN and the friction force. For the 
minimum consumption of purchased ionic liquid, a 
small disc specimen with a tub was selected for the 
measurements. The material properties of the MTM 
contacting bodies are listed in Table 3. The contact 
area excitation was carried out using the laboratory 
power source with respect to polarity, as seen in Fig. 3. 
 
Fig. 3 Schematic representation of MTM contact tribopair with 
excitation circuit. 
 
Fig. 2 Schematic representation of the optical tribometer with an excitation circuit. 
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Table 3 MTM contacting tribopair material properties. 
Property Ball Disc 
Material Steel (C10) Steel (C45)
Dimensions (mm) Ø12.7 (1/2") Ø32 
Young modulu (GPa) 200 200 
Poisson ratio 0.3 0.3 
Surface roughness, Ra (nm) 15 10 
2.2.3 Lubrication regime prediction 
Experimental conditions for both measurements were 
set according to the H–D film thickness prediction 
formula [24]: 
     
0.68 0.49 0.073 0.68
min ' 3.63 (1 e )h R U G W
k      (1) 
where R' is the reduced radius of curvature, U is 
dimensionless speed parameter, G is a dimensionless 
material parameter, W is a dimensionless load 








                  (2) 
taking into account the atmospheric lubricant viscosity 

0
, entertainment speed u, and reduced modulus  
of elasticity E': 
 'G E                   (3) 






                 (4) 
where F is the normal applied load. 
The lubrication regime was then identified using the 








               (5) 
where Rq1 and Rq2 are the root mean square roughness 
of the contacting surfaces.  
The desired lubrication parameter for measurements 
was 3 < λ < 10, represented as the EHL regime when 
contacting surfaces are separated by a fully formed 
lubricating film [26].  
3  Results and discussion 
The main assumption for excitation of the fluid film 
was to achieve a complete separation of contacting 
bodies with a coherent lubricating film; therefore, all 
measurements were designed for the lubrication 
parameter λ ≈ 7. Thus, the results from both 
experimental devices could be compared and discussed 
afterwards.  
3.1 Measurement of film thickness  
The measurement with excitation was carried out on 
a “ball-on-disc” optical tribometer at the load of 20 N 
(Hertzian pressure is approximately 450 MPa) and a 
speed of 200 mm·s−1 (pure rolling with 3%–6% SRR), 
set according to the H–D prediction for lubrication 
parameter value λ ≈ 7.  
The experimental fluid was spread on the track to 
avoid starvation of the contact area. The approximate 
amount of experimental fluids used for each film 
thickness measurement was 2 mL. The voltage was 
increased and held at the set value for several 
seconds to let the disc fully rotate at least once before 
capturing the interferogram. At each voltage, three 
interferograms were captured and evaluated. The 
optical tribometer measurement of MA68 did not 
indicate an observable difference in the film thickness 
with excitation. The central film thickness of oil was 
265 nm and the minimum film thickness was 125 nm 
during the whole measurement (Fig. 4). In contrast, 
the ionic liquid showed noticeable changes in film 
thickness, as seen in Fig. 4. The observable difference 
in the minimum film thickness was measured at an 
external voltage of 10 V. The central film thickness 
exhibited a relatively small increase up to 15 V. A 
stronger response to a lower electric field was observed 
in the minimum film thickness compared with the 
central film thickness of the [BMIM]PF6 ionic liquid 
owing to the higher intensity of the electric field in 
the smaller gap between the contacting bodies. As the 
voltage was increased, the electric field in the central 
area reached an intensity sufficient to induce the ER 
effect in the lubricating layer of the ionic liquid. As 
shown in Fig. 4, the oil film thickness of MA68 was 
globally higher than that of the IL; this is due to the 
significantly higher pressure–viscosity coefficient of 
the oil. 
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Subsequently, the minimum film thickness slightly 
increased to the value of 125 nm, which makes an 
approximate 10 nm increase in the film thickness at 
20 V compared to 0 V. At 20 V, a noticeable increase 
in the value of the central film thickness was measured. 
The difference in central film thickness between    
20 and 0 V was approximately 15 nm (Fig. 5). The 
maximum applied external voltage was 20 V because, 
by the end of the measurements with the 20 V excitation, 
white stripes near the contact on interferograms were 
observed; thus, the measurement was terminated. 
Although the increase in the minimal and central film 
thickness was in the range of the surface roughness of 
the contacting bodies, no fluctuations in film thickness 
was observed; therefore, the influence of surface 
roughness can be considered insignificant. 
Despite the increase in the recorded film thickness 
of the ionic liquid during the electric field excitation, 
a destructive effect of ionic liquid excitation was 
observed on the chromium layer of the glass disc  
(Fig. 6); this could have been caused by electrochemical 
processes [27, 28]. Moreover, the damage might be 
the result of corrosion due to the halogen ionic liquid, 
accelerated by the electric field [29]. It remains unclear 
whether the destructive processes occurred at lower 
voltages as well; however, the increasing voltage 
apparently intensified the damage of the chromium 
layer. The width of the damaged area is remarkably 
larger than that of the contact area; therefore, it is 
clear that the electric charge was conducted farther 
away from the area of contact with the ionic liquid. 
This destructive process evidently continued even 
 
Fig. 4 Results of film thickness measurements with applied voltage. 
 
Fig. 5 Film thickness comparison of [BMIM]PF6 at 0 and 20 V. 
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after the electric circuit was disconnected, until the 
remaining ionic liquid was cleaned. Therefore, the 
ionic liquid possibly remained in an excited state for 
some time even after the electric field was no longer 
active; this was evident from the lower intensity of 
the chromium layer damage at the sites where only a 
small amount of the ionic liquid remained after the 
experiment. 
Throughout the measurement with excitation,    
a thermometer at the outlet did not indicate any 
significant change in the lubricant temperature, which 
remained at 25.5–26 °C. The electric current passing 
through the MA68 oil at 20 V could not be measured 
using a standard ammeter because of the high resistivity 
of the chromium disc and low conductivity of the oil. 
For the ionic liquid, the value of the measured electric 
current at 20 V was 0.5 mA. Considering the voltage 
drop caused by the chromium layer, the actual voltage 
induced on the contact area was 4 V, creating an 
electric intensity of 32 MV·m−1 within the minimum 
film thickness. 
3.2 Friction tests 
The MTM tribometer was used for the friction tests 
with excitation. Experimental parameters were set  
to a 5 N load (Hertzian pressure ~660 MPa) and   
400 mm·s−1 speed according to the H–D prediction 
for the lubrication parameter λ ≈ 7. Because a small 
sliding of the ball occurs during the operation with 
the optical tribometer, a slight slide-to-roll ratio (SRR) 
of 6% had to be applied to slightly increase the   
COF so that results with better resolution could be 
obtained. To achieve fully flooded conditions, 6 mL 
of experimental fluid was poured into the reservoir  
for individual measurement. To avoid the results 
being distorted by residual charge and other effects, 
the fluid was replaced for each experiment. Two tests 
were performed—the time test with repeated voltage 
switch-off to investigate the response of the experimental 
lubricants to excitation, and the polarity change test 
where the input polarity was switched at a certain 
moment so that the assumption about the detachment 
of the ordering layers according to the polarity of 
contacting bodies could be observed. 
The time test was carried out with external DC 
voltage supply attached to the contacting bodies, 
repeatedly activated and deactivated for 30 s with a 
maximal voltage of 0.5 V allowed for contact bodies 
and a measured electric current of 0.008 A. As shown 
in Fig. 7, no noticeable response was observed of the 
COF to the electric circuit activation and deactivation, 
respectively, throughout the entire measurement 
with MA68 oil and the total temperature change of the 
lubricant at the outlet area for single measurement 
was lower than 0.5 °C. 
Similarly, with the ionic liquid, the maximal voltage 
allowed to contact the bodies was 0.5 V; however, the 
measured electric current reached 0.42 A. In contrast 
with the MA68 oil, the results obtained with the 
[BMIM]PF6 ionic liquid showed a jump-like increase 
and decrease of the COF, respectively, according to 
the applied voltage, as seen in Fig. 8. Moreover, the 
total temperature changes of the lubricant at the 
outlet area for single measurement did not exceed  
0.5 °C, which clearly indicates that the behaviour of 
the selected ionic liquid can be controlled externally 
because, at the moment of electric circuit activation 
and deactivation, a noticeable instant change occurs. 
 
Fig. 6 (a) Damaged chromium layer of glass disc after ionic liquid excitation and (b) schematic of the scar width developed along the 
reach of the charged lubricant. 
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The difference in COFs between the initial and final 
values could be caused by layers of the residual alkyl 
chain ordered at contacting surfaces that remained 
even after the electric circuit was disconnected, as 
schematically shown in Fig. 8. Moreover, as stated in 
Ref. [30], the ionic liquid evidently acquires a solid-like 
structure due to a strong attraction at a charged 
electrode surface, what results in an increased friction 
force caused by bonding forces of excited and arranged 
ion-pair layers, what is typical for ionic liquids between 
charged surfaces [31]. In contrast, the unexcited state 
of the ionic liquid has a liquid-like structure, and 
therefore the bonding forces are significantly smaller. 
The link can be seen in Fig. 9, where the COF at the 
final stage of measurement (from 180 s until the end) 
is higher than the initial value during the first 30 s of 
the experiments. The lowering trend during the final 
stage indicates that the attraction of layers close to 
the surface remains for a certain period but tends to 
converge to the initial state over time.  
The polarity change test was performed under 
constant conditions without connecting the electric 
circuit for 240 s. Subsequently, the electric circuit was 
activated for 240 s and the polarity was purposely 
switched, so that the explanation of the ionic liquid 
ordered layer for rheology adjustment during excitation 
could be verified [4]. The final phase of the time 
test, when the electric circuit was switched off, was 
to demonstrate a possible effect of the ionic liquid 
residual charge on the COF, as observed in time 
tests. Similarly, during the previous measurements, 
the MA68 oil did not indicate any significant difference 
in the value of COF during the time test with 
excitation, as seen in Fig. 10. In contrast to the MA68 
oil, the [BMIM]PF6 ionic liquid demonstrated a strong 
response to the applied electric field during the 
 
Fig. 7 MA68 oil COF and temperature dependence on voltage change. 
 
Fig. 8 Schematic of ionic liquid alkyl chain behaviour (a) during excitation and (b) after excitation. 
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excitation phase (Fig. 10). Within the unexcited phase, 
a relatively stable COF was measured. At the moment 
of the electric circuit activation, an instant increase  
in the COF was observed. The value of the COF 
continuously increased until the polarity switch at 
480 s, when an instant decrease was recorded. 
Subsequently, the value of the COF decreased at 
approximately 580 s, while the ionic liquid exhibited 
the reverse effect on the COF with –1 V than in the 
interval of +1 V electric circuit, such that the 
electricity-induced behavior of ionic liquid excitation 
was reversible to a certain extent [32]. However, the 
already adsorbed particles to the surface might have 
accelerated the polarity change process and retain 
the COF at a higher value than in the initial phase. 
Subsequently, the COF started a slight rise, which can 
be plainly explained as a recurrent orientation and 
cumulation of the alkyl chain in agreement with the 
shifted polarity. Once the circuit was disconnected, 
another instant decrease was observed that continued 
in a monotonous trend. The final phase without the 
activated electric field had a relatively monotonous 
trend; however, the COF remained at a considerably 
higher value than at the beginning of the test. Because 
the temperature differed by only approximately 0.8 °C 
throughout the whole measurement, a higher value 
 
Fig. 9 [BMIM]PF6 COF and temperature dependence on voltage change. 
 
Fig. 10 MA68 and [BMIM]PF6 COF and temperature dependence on voltage. 
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of COF can be explained as a result of the remaining 
alkyl chain layers at the ball and disc surfaces (Fig. 9); 
similarly, as was clarified within the time test. 
The measured electric current during the MA68 oil 
excitation was 0.016 A at a voltage of 1 V in the circuit. 
In the circuit closed by the ionic liquid lubricating film, 
an electric current of 0.84 A was observed. Compared 
with the MA68 oil, the voltage was significantly 
higher. This confirms that the IL has a relatively good 
conductivity and sensitivity to electricity as ILs    
are liquid salts composed of anions and cations. 
Throughout all the friction measurements, the 
temperature of the lubricant was recorded at the 
outlet. The total temperature change over the whole 
measurement was 2 °C for MA68 and 1.5 °C for 
[BMIM]PF6. The results obtained from the [BMIM]PF6 
measurements eliminated the influence of temperature 
as a dominant factor in adjusting lubricant performance. 
Therefore, the orientation and cumulating of the 
ionic liquid alkyl chains and layers [33, 34] could be 
responsible for the phenomenon of electricity-induced 
external control of the smart lubricant rheology and 
lubricating layer behavior (Fig. 8(a)).  
The measurements with the optical tribometer and 
the MTM tribometer exhibited similar behaviour in 
the results for the ionic liquid—significant changes in 
film thickness and COF with electricity activation 
during the operation in the EHD lubrication regime. 
In contrast to the fluid without polarizable particles 
or chains, the MA68 oil did not exhibit any noticeable 
changes in film thickness and COF, respectively. 
Moreover, the temperature difference measured for 
all tests was considerably small, in the range of 1 °C. 
These findings support the fact or assumption that 
the temperature had a negligible effect on the observed 
parameters, and they also prove that the selected ionic 
liquid has an electrotuneable tribological behavior, 
represented by the lubricating film thickness and COF, 
respectively. In addition, the polarity change test 
demonstrated that controlling the value of COF by 
the orientation of electric circuit is possible; therefore, 
ionic liquids are a prospective, externally controlled 
bearing lubricant. Further research could focus on 
the active control of film thickness through polarity 
alternation using similar approaches as presented in 
this study; however, it should be conducted with 
consideration to a suitable method for preventing the 
chromium layer damage. 
4 Conclusions 
This study has presented an experimental investigation 
of [BMIM]PF6 ionic liquid behavior in charged non- 
conformal contacts. Results obtained by different 
methods under similar EHD conditions were compared, 
discussed, and the following concluding remarks 
were derived: 
1) A 15 nm increase is recorded in the thickness of 
the [BMIM]PF6 film in the presence of an electric field. 
2) A noticeable destructive effect of the electricity- 
excited ionic liquid on chromium layer of the glass 
disc, possibly caused by the character of experimental 
fluid. Further research on excitation behavior using 
halogen-free ionic liquids might help to clarify the 
destructive process of thin metal layers throughout 
the lubricating film thickness measurement period. 
3) A strong electric field and polarity influence   
of the ionic liquid [BMIM]PF6 was observed during 
friction measurements resulting in an instant increase 
and decrease in the COF. This proved the possibility 
to control the behavior of the ionic liquid lubricating 
layer externally, using an electric field created between 
the contacting elements separated by a coherent 
fluid film. 
4) The inspected change of lubricant temperature 
was relatively small throughout all measurements. 
Moreover, the ionic liquid results exhibited significant 
changes in behavior during the activation and 
deactivation of electric circuit, respectively. Therefore, 
the temperature influence was eliminated as the main 
cause of alternation in the film thickness and COF.  
5) The proposed methodology can be used to 
determine the electrorheology type of a substance 
depending on whether there is an increase or a 
decrease in the film thickness and COF, and whether 
an examined substance has a positive or negative ER 
effect.  
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